Plant-bacteria interactions result from reciprocal recognition between both species. These interactions are responsible for essential biological processes in plant development and health status. Here, we present a review of the methodologies applied to investigate shifts in bacterial communities associated with plants.
INTRODUCTION
In nature, bacteria are mainly found in association with different species, composing bacterial communities. These communities occupy all terrestrial niches, colonizing environments such as soil, water, air, plants and animals.
In plants, bacterial communities are associated with different tissues; leaves and roots or as endophytes in inner parts. These bacteria are active in processes of plant development, nutrient supply, plant growth promotion and protection against pathogens. The present review explores aspects of assessing shifts in bacterial communities to monitor environmental changes. Different methodologies are used in such evaluations, based on cultivation or on direct assessment of nucleic acids extracted from environmental samples. Additionally, the recent application of multivariate analysis to data from both techniques has allowed better comprehension of factors determining the composition of bacterial communities, and is highly useful to monitor shifts caused by changes in environmental conditions. Although none of the available techniques completely represents the real environment, the development of these methodologies will provide more accurate information.
Bacterial diversity
Microorganisms are a great source of genetic diversity, still far from completely known and explored (49) . Bacteria are an important portion of this diversity, representing one of the three domains in the phylogenetic tree (Archaea, Bacteria and Eucarya) (78) .
The bacterial group has a long evolutionary history, conferring the capacity to inhabit most terrestrial niches.
Bacteria are the main portion of biomass on Earth, and are responsible for some essential processes for life such as cycling of carbon, nitrogen and sulfur. Hence, additional to bacterial species diversity, there is intra-specific diversity.
The bacterial genome is characterized by the total number of genes found in strains, which can be divided into two groups:
(i) the core, composed of the group of genes found in at least 95% of strains and are essential for the cell's life cycle; and (ii) the auxiliary group, found in a maximum of 5% of strains, and responsible for species adaptation in different environments (31) . The core is maintained in species by speciation and vertical transmission, while the auxiliary group does not identify the species, since it is different in every strain. This last group of genes is also transmitted from strain to strain and even between species by horizontal gene transfer (6) .
This concept clearly demonstrates that bacterial diversity is not static, due to the high reproduction capacity associated with the short life cycle and high cell multiplication rates, which leads to the high adaptation value, and fast responses to environmental change (1, 31) .
The dynamic of bacterial communities colonizing plants
A wide diversity of bacteria can interact with plants, composing bacterial communities with important roles in plant development and health status (22) . These interactions can vary according to the host plant in a process similar to those widely known for pathogenic microorganisms (65) .
Bacterial populations are distributed in the rhizosphere, epiphytic and endophytic communities. The rhizosphere is commonly described as the soil portion directly influenced by root exudates; however, an updated definition of rhizosphere considers it as the soil compartment influenced by the root, including the root itself (25) . Epiphytic and endophytic bacteria are characterized by the colonization of surface and inner tissues of plants, respectively. There is an ongoing discussion toward a better definition of these microorganisms; a commonly used definition of endophytes is those whose isolates form on surface-disinfected plant tissues (22) . However, in addition to these definitions is the separation of endophytes according to their essentiality in niche occupations. In that case, the endophytic community is divided into "passenger" endophytes, i.e. bacteria that eventually invade internal plant tissues by stochastic events and "true" endophytes, those with adaptive traits enabling them to strictly live in association with the plant (24) . Due to the novelty of this separation, and the problems involved in the methodological separation of these endophytic groups, we will consider in this review that the endophytic community is those bacteria that colonize inner tissues of healthy plants.
The cells in the rhizosphere, plant-surface or endophyte communities are variable. A superficial analysis of these communities could lead to the conclusion that there is a strict specificity for niche colonization. However, a more realistic scene is represented by the gradient of population distribution along plants. If a didactic approach is applied to explain bacterial communities associated with plants, it would divide these bacteria into distinct communities, with separation between epiphytic and endophytic communities in accordance with plant organs, such as roots, stems and leaves. However, in nature the gradient of distribution will prevail over separation. It is important to note that bacteria in the rhizosphere are often similar to those in the endophytic community and on leaf surfaces. This wide distribution is driven by plant development that carries bacteria over the plant tissues (48) . Chi et al. (9) demonstrated that similar bacteria were distributed over the rice plant, from roots to leaves. However, the abundance of bacterial types along the different niches can differ, mainly due to differences in these niches in nutrient supply, atmospheric conditions and competitiveness with other components of these communities (52) . The behavior of these populations and how they colonize plants is determined by environmental conditions, like formation of biofilms that help bacteria fix to cell walls, avoiding the migration driven by sieve transportation. Similarly, in the parenchymatic region, being single-celled can enable better contact with cells and so better nutritional supply for the bacterium. 
Isolation and culturability of bacterial communities
Isolation in culture media is the most common methodology to access bacterial communities from different environments, mainly due to its simple application. However, this is a limited analysis of bacterial diversity (Figure 1 ), influenced by a number of factors, often under or overestimating bacterial diversity (53) .
The high diversity of bacteria in most environmental samples is hard to represent on a culture plate, since the vast majority of bacterial species do not grow on standard isolation media (75) . It has been demonstrated that isolates obtained by plating do not represent their natural habitat because applied isolation methods only access a small subset of the total microbial community in the environment (15, 16, 75) . Tentative improvements to cultivation are based on mimicking the environment that bacteria are from (23) . For example, the supplementation of culture media with soil extracts can result in higher diversity of culturable species (23) . Using a similar approach, recalcitrant and undescribed species related to Verrucomicrobium and Acidobacteria, which are both rather unexplored groups, were obtained (30) .
Also, changing incubation conditions of plates can stimulate the culturability of bacteria, e.g. changing atmospheric composition and addition of specific nutrients and signaling molecules (73) . More specifically, addition of anti oxidativestress compounds like pyruvate and catalase to culture media can lead to higher recovery of cells from soil and water (4, 5, 76) .
Although these tentative studies revealed improvements to culturability of bacterial diversity in distinct environments, it is still essential to use polyphasic approaches for satisfactory evaluation of bacterial communities interacting with plants.
Culture-independent methodologies to assess bacterial communities associated with plants
The application of techniques based on analysis of nucleic acids (DNA or RNA) directly extracted from environmental samples is essential in microbial diversity studies; they can supply information in a culture-independent way, and exclude the limitations and bias from the low culturable portion of bacteria of these communities (51) ( Figure 1 ). However, it should be noted that cultureindependent techniques also have bias, mainly introduced during DNA extraction and amplification of target genes (3, Considering the bias during DNA amplification, most techniques applied to microbial communities are based on differences in the ribosomal genes. The 16s rRNA is the most important gene in microbial ecology and bacterial phylogeny (37) . However, the named universal primers are designed from sequences that are already described, which could limit the assessment of unknown sequences and consequently, not amplify any new bacterial groups. This primer selectivity was recently demonstrated where selection was driven by the use of different reverse primers (7).
Although these concerns are known and considered, the bacterial diversity is assessed in different environments based on the 16S rRNA gene, and revealing the portion of the community not considered when culture-dependent approaches are applied (27, 49) . For example, the bacterial communities in leaves from Atlantic forest trees were Diversity of bacterial communities in plants described using cloning and sequencing, which allowed the estimation of 400 phylotypes in each tree species (34) . It is also important to show the wide applicability of these techniques, from the quantification of target groups and species by real time PCR to the fingerprinting of communities by Denaturing Gradient Gel Electrophoresis (DGGE; Figure 1) . A refined analysis can also be considered by combining a culture-independent technique (e.g. DGGE fingerprinting) with multivariate analysis. These applications are discussed below with remarks on the possibilities for use in microbial communities associated with plants.
Quantitative PCR in real time (qPCR)
PCR is a mark on the advent of molecular biology, and has had great impact on techniques in microbial ecology.
More recently, the quantitative real time PCR (qPCR) development was incorporated into the toolbox used in studies of bacterial communities associated with plants.
The qPCR is a highly sensitive tool to quantify microbial populations within a sample, since it is based on detecting specific sequences of nucleic acids, and estimating the amount in a sample (33) . Briefly, the amplification and 
Fingerprinting techniques of bacterial communities
Fingerprinting is the most common culture-independent approach for assessing the structure of bacterial communities.
It gives an overview of the most abundant members in each 
Denaturing Gradient Gel Electrophoresis (DGGE)
DGGE is used in descriptions and comparisons of bacterial communities in different environments (51 Considering the many primers available (Table 1 ) and the capacity for fast processing of many samples, DGGE is an important approach to study bacterial communities, supplying information about shifts on composition.
Ordination methods of multivariate analysis applied to

DGGE fingerprints
The increasing application of DGGE in determining the composition of bacterial communities and the shifts caused by environmental changes revealed that simple visual analysis of DGGE fingerprints is not sufficient to explore the data generated. The improvement of information extraction from DGGE patterns was first made by clustering fingerprints, based on correlation of densitometric curves.
Furthermore, areas of bands along fingerprintings were used to associate numbers with DGGE patterns, such as using the Shannon diversity index. More recently, multivariate analyses were applied to DGGE data, presenting results in ordination plots (11, 64) . A detailed review of applications of multivariate analysis in microbial ecology was recently published (50) .
Multivariate analysis can be defined as data processing that combines different measurements from the same sample, and inferring correlations and interactions of factors.
Although a simple clustering analysis based on different parameters is a multivariate analysis, the most common presentations of these techniques are ordination methods.
Ordination is the collective term for multivariate techniques that arrange sites along axes on the basis of data on species composition, resulting in a diagram in which sites are represented by points in a two-dimensional plot (20, 74) . 
Construction and analysis of clone libraries
The construction and analysis of ribosomal gene libraries is a highly sensitive tool to study environmental microbial ecology, allowing comparison of sequences from different samples, with resolution at different taxonomic levels. This technique is also a culture-independent approach that overcomes problems found when the culturable fraction of microbial communities is sampled (66) .
This technique was used to describe fungal community diversity in forest soils, by sequencing 863 clones of fungal Internal Transcribed Spacer, determining the presence of 412 phylotypes composing this community (44) . In a similar study, the bacterial community colonizing the leaf surfaces in Atlantic forest was assessed, and showed that every tree species harbored a different bacterial community, indicating that bacterial diversity in the forest had been underestimated (34) . The application of the pyrosequencing revealed > 10,000 bacterial phylotypes in an ocean community (71) .
Clone libraries were used to describe bacteria on the roots of maize plants (8) , determining qualitatively and quantitatively which species were present in this niche.
The main advantage of this technique is the variety of analyses possible with the sequence groups. The libraries can be used for comparisons, ecological index estimates, rarefaction analyses and phylogenetic inferences on members of the determined community (Figure 2; (66, 69) . Recently, the application of this technique has expanded to other genes beside the 16S rRNA. Diversity of functional genes has been investigated by this technique, for example, the nitrate redutace gene (nirK) in water and plant-related environments Diversity of bacterial communities in plants (2, 60) .
High throughput approaches to assess the diversity of bacterial communities
Another important scope in every review of microbial ecology is the upcoming high throughput techniques, such as microarray-based profiling of bacterial communities (68, 80) and pyrosequencing (14) . These are very promising to aid showed that diversity of these organisms was extremely high, and although 30,000 sequences were obtained, the complete description of species and sequences in both environments
were not completed. The authors showed that the great majority of species were described, but there remained the 'rare biosphere tail' that was not completely explored, even with the high amount of sequences. Although the microbial diversity associated with plants seems to be less diverse, particularly for the endophytes, the future application of the technique in this field is promising.
Final considerations
Characteristics 
